Neisseria gonorrhoeae were exposed to extracts of human neutrophil granules and effects on gonococcal growth and membranes were determined. Enumeration of gonococci by phasecontrast microscopy at 0 and 60 min revealed that they underwent very limited cell division after exposure to granule extract. At 60 min, treated gonococci tended to clump, and some lost their refractivity under phase-contrast optics, indicating membrane damage. Treated and untreated gonococci utilized oxygen at similar rates at time 0; treated gonococci utilized oxygen at a relatively constant rate for 60 min, even though colony-forming ability (i.e. viability) decreased by 90 %, whereas untreated gonococci showed a steadily increasing rate of oxygen consumption over the same period, which essentially paralleled increase in colony-forming ability. Membrane ultrastructure of untreated and treated gonococci was compared in thin section by transmission electron microscopy. Extract treatment resulted in a time-related increase in disruption of the bacterial outer membrane, which became apparent almost immediately after treatment. This was accompanied by increasingly aberrant septum structure. Extract treatment also increased the resolution of peptidoglycan by electron microscopy, as early as 10 min after treatment. These data suggest that extract treatment of gonococci caused a rapid loss of the ability to form colonies on agar concomitant with alteration of gonococcal peptidoglycan and outer-membrane structure, but with little alteration of inner-membrane function.
INTRODUCTION
Although much is known about human neutrophil granule components, such as cationic proteins, bactericidal permeability-increasing protein (BPI), defensins and cathepsin G, that may be involved in killing Gram-negative bacteria, very little is known about how or why bacteria die when exposed to these purified agents, or to unfractionated granule extract (GE) (Spitznagel, 1984; Elsbach & Weiss, 1983 Ganz et al., 1985; Shafer et al., 1986) . It is also not known whether such purified granule components are responsible in part or in whole for the killing observed by unfractionated GE. What little is known has not defined a single event known to lead to bacterial death. For example, BPI, isolated from rabbit or human neutrophil granules, kills Escherichia coli and several other Gram-negative bacteria, and is one of the bestdefined granule antimicrobial proteins (Elsbach & Weiss, 1983 . Although BPI has no demonstrated enzymic activity, it increases the permeability of Gram-negative outer membranes and affects phospholipid biosynthesis very rapidly after its binding to bacteria (Weiss et al., 1976) . However, neither phospholipid degradation nor outer-membrane permeability has been causally related to death (Elsbach & Weiss, 1983 . Indeed, phospholipid degradation can be reversed without reversing the lethal activity of BPI. Also, whereas van Houte et al. (1977) , using freeze-fracture electron microscopy, found no observable inner-membrane ultrastructural alterations in E. coli killed by BPI, Weiss et al. (1976) , using transmission electron microscopy, did observe outer membrane alterations.
In uiuo, localized sites of infection by Neisseria gonorrhoeae are marked by an influx of polymorphonuclear neutrophils (PMNs) that are capable of phagocytosing and killing gonococci. Neutrophil GE kills gonococci in vitro (Buck & Rest, 1981 ; Rest, 1979) , presumably by the same or a similar mechanism as in uivo (Rest et al., 1982) . Killing by GE is defined as the rapid loss of the ability to form colonies on agar. Although gonococci killed by GE are reproductively dead, they still maintain a quantitatively normal or supranormal metabolic capacity for about 30 min after exposure to GE as measured by the incorporation of radiolabelled precursors into trichloroacetic-acid-precipitable material as an indication of macromolecular (DNA, RNA and protein) synthesis (Buck & Rest, 1981; Rest, 1979) . Gonococci do not appear to lyse during these first 30 rnin of extract treatment, since suspensions of GE-treated gonococci actually show increased optical density.
Our interests lie in determining the morphological and biochemical events responsible for GE-induced Gram-negative bacterial death, and specifically in the mechanisms leading to loss of division capability leading to (or defining) gonococcal death. We recently focused on changes in membrane and peptidoglycan biosynthesis and structure which occur within 60 min of GE treatment, i.e. while general metabolism continues but the capacity to divide has decreased (Buck & Rest, 1981 ; Rest, 1979; Rock & Rest, 1985) . In the work reported here, we looked in detail at gonococcal morphology by light and electron microscopy to determine the point at which bacterial replication is inhibited in GE-treated gonococci. Oxygen uptake was used as an indirect measure of the integrity of the gonococcal cytoplasmic membrane after GE treatment.
METHODS
Bacteria. N . gonorrhoeae strain F62 was maintained on GC medium base supplemented with (1-I) : D-glucose, 4 g; glutamine, 100 mg; cocarboxylase, 0.2 mg; Fe(N03)3, 12.5 mg; and NaHC03, 400 mg (Buck & Rest, 1981 ; Rest, 1979) . Cultures were passaged daily to propagate type 4, transparent (non-piliated, P . 11-) colony types as identified by Kellogg et al. (1963 Kellogg et al. ( , 1968 and Swanson (1978) . For all experiments, 16-20 h plate-grown gonococci were used to inoculate 125 ml sidearm flasks containing 20 ml prewarmed, supplemented GC broth. Flasks were shaken at 225 r.p.m. at 36 "C for 3-4 h, until cultures reached mid-exponential phase (a Klett value of 80-1 10). Concentrations of gonococci were determined by diluting the exponential-phase culture with supplemented GC broth to an ODsso of 0-30 (Spectronic 20 colorimeter, Bausch and Lomb). This cell density corresponded to 1-2 x lo8 c.f.u. ml-l, Preparation of GE. PMNs were obtained from healthy adult human volunteers by leucapheresis. Then they were washed twice (150g, 10 min, 3 "C) in cold phosphate-buffered saline (PBS) containing (1-I): NaC1,8 g; KCl, 0.2 g; Na2HP04, 1.15 g; and KH2P04, 0.2 g; pH 7.4 (Rest et al., 1977 (Rest et al., , 1978 (Rest et al., , 1982 . Washed PMNs were centrifuged through Ficoll-Hypaque and erythrocytes hypotonically lysed with cold deionized water. This procedure yielded approximately 1Olo neutrophils per donor with no more than 8% contaminating cell types (mostly eosinophils). Neutrophils were disrupted by nitrogen cavitation (Parr Bomb, Parr Instrument Co.) to 90% breakage as described by Borregaard et al. (1983) . Cellular debris was pelleted (250g, 15 min, 3 "C) and discarded. The entire granule population was pelleted (20200 g, 20 min, 3 "C) from the bomb supernatant and extracted by Dounce homogenization (3 x 5 min, 4 "C) in a total of 15 ml0-2 M-sodium acetate buffer, pH 4.0, containing 10 mM-CaClz. Acetate extracts of granules were clarified by centrifugation (20200g, 20 min, 3 "C) and dialysed against cold PBS in tubing with an average molecular mass cutoff of 3500 Da. Extracts from the granules of 1O1O neutrophils yielded approximately 100 mg protein, as determined by the Lowry method, with egg-white lysozyme as a standard. Undialysed GE maintained its bactericidal activity indefinitely in the refrigerator. Extract was dialysed less than 1 week before use, since dialysed GE lost bactericidal activity gradually over several weeks. Only dialysed GE was used in the experiments described in this communication.
The protein concentration required to reduce gonococcal viability by 100-fold (from 5 x lo7 to 5 x los c.f.u. ml-l) after 60 min exposure was determined for each batch of GE. This GE concentration (typically, 500 pg ml-I) was used in all experiments.
Light microscopy. Either GE or the same volume of PBS was added to tubes containing gonococci at 5 x lo7 c.f.u. ml-l at 36 "C. At indicated times an 8 ~1 sample from each assay tube was used to charge separate Petroff-Hausser counting chambers (Hausser Scientific). The chambers were left undisturbed for 5 min to allow the gonococci to settle onto the grid. Gonococci were counted with a 1000 x phase objective. Results are presented as the number of 'individual cocci' (alone or in aggregates) and as 'aggregates' of cocci, i.e. aggregates of any size, Human neutrophil killing of gonococci 51 1 including isolated cocci. For example, a clump containing four gonococci was counted as four cocci and as one aggregate; or, a single coccus was counted as one coccus and as one aggregate. For each experiment, counts were totals from four noncontiguous 0.2 x 0.2 mm squares. Samples were also assayed for viability by plate count. Oxygen uptake. Oxygen uptake was determined using a YSI model 53 biological oxygen monitor with probe conversion for small volumes (Yellow Springs Instrument Co.). The water jacket surrounding the probe chambers was maintained at 37 "C. Assay tubes, maintained at 37 "C, contained lo8 gonococcal c.f.u. ml-l, to which GE or an equal volume of PBS was added. At the times indicated, 1.5 ml volumes of PBS-or GE-treated gonococci were transferred to separate probe chambers and allowed to equilibrate with rapid stirring for approximately 3 min. Probes were inserted and the rate of decrease of oxygen saturation in the medium was measured. Samples were also removed, diluted in GC broth, and plated in duplicate to determine gonococcal viability. Data are expressed as oxygen uptake (percentage of 0,-saturated chamber buffer at zero time) per lo8 c.f.u.
Transmission electron microscopy. Assay mixtures were exactly the same as for light microscopy (above). At the times indicated, 4 ml of PBS-or GE-treated gonococci (5 x lo7 c.f.u. ml-l) were pelleted (3400g, 10 min, 4 "C).
Pellets were fixed overnight in 2.5% (v/v) glutaraldehyde in 0.2 M -N~~H P O~, pH 7.4 and 1 % (w/v) CaClz at 4 "C. After three washes (12800g, 2 min, 20 "C) in 0.1 M-N~,HPO~, pH 7.4, the pellets were postfixed for 30 rnin in 1 % (w/v) osmium tetroxide in 0.1 M-N~,HPO,, pH 7.4 and washed twice more (as above). Specimens were dehydrated in a graded ethanol series and embedded in Spurr embedding medium (Electron Microscopy Sciences). Sections (60 nm thick) were cut on an LKB 8800 Ultramicrotome 111 (LKB Instruments) with a diamond knife. Sections were stained for 20 rnin in 5 % (w/v) uranyl acetate and for 5 rnin in Reynolds' lead citrate (Reynolds, 1963) . Micrographs were taken on a Zeiss EM-9 electron microscope.
Materials. GC medium base, proteose peptone no. 3 and soluble starch were purchased from Difco. Ficoll and egg-white lysozyme were from Sigma. Hypaque (50% sodium) was from Winthrop Laboratories. Electron microscopy supplies were kindly donated by Dr Sheila Katz, Department of Pathology, Hahnemann University.
RESULTS

Light microscopy and cell division
Morphological observations. Gonococcal viability, measured as the ability to form colonies on agar, begins to decline immediately upon exposure to GE (Buck & Rest, 1981; Rest, 1979) . However, since formation of a visible colony requires many cell divisions, it was important to know if gonococci undergo division after exposure to GE. To investigate this we observed, by phase-contrast microscopy, PBS- (Fig. 1 a) and GE-( Fig. 1 b) treated gonococci at 0 and 60 rnin after treatment. Treatment with GE resulted in limited aggregation of the gonococci, and in the apparent lysis of a small proportion of the cells (Fig. 1 b) . We took the loss of refractivity of the GE-treated gonococci to indicate spheroplast formation, density alterations, or lysis. Gonococci observed immediately after addition of GE were indistinguishable from untreated cells (not shown).
Quantitative observations. A small increase (34%) was seen by light microscopy in the total number of cocci after treatment for 60 rnin with GE; PBS-treated controls showed an increase of 84% (Table 1) . Thus during the first one-generation interval (i.e. 60 min) after GE treatment, there appeared to be limited cell division and some apparent lysis. It appears that gonococci lose their ability to replicate shortly after exposure to GE.
We next quantified the ability of GE to cause clumping or aggregation of gonococci. The data in Table 1 confirm what was visually obvious ( Fig. 1 b) ; after 60 rnin exposure to GE the number of cocci per aggregate was 1.8 times the value at time zero. During this same period, the increase of 34% in the total number of countable, individual cocci was concurrent with a 26% decrease in observed numbers of aggregates. A small amount of membrane-like debris was seen under phase-contrast optics after 60 rnin GE treatment ( Fig. 1 b) . We estimated, from the amount of debris present, that the number of cocci reduced to uncountable debris could account for a maximum error of no more than 15%. Control (PBS-treated) gonococci, on the other hand, maintained a steady number of cocci per aggregate over the 60 rnin incubation period, meaning that the increase in the number of cocci (85 %) essentially paralleled the increase in the number of aggregates (78%). Comparison of actual numbers per ml of aggregates visible by light microscopy with the numbers of c.f.u. ml-l indicated that even with untreated gonococci not all aggregates were capable of forming colonies (Table 2) . Consistently, about 60-70% of the aggregates observed by microscopy formed colonies. An important observation is that after 60 min exposure to GE only 5 % of the observed aggregates of cocci were capable of forming colonies, even though they contained cells that appeared intact by microscopy. This means that reduction in viability (c.f.u. ml-l) was not due to clumping or to lysis. This supports our earlier observations that little or no lysis occurs within 60 min of exposure to GE (Buck & Rest, 198 1).
Oxygen uptake as a measure of cytoplasmic membrane integrity
We further assessed cell integrity by investigating cytoplasmic membrane function. Initial attempts to assess membrane integrity by measuring the release of the potassium analogue 86RB+ from pre-loaded gonococci failed because gonococci apparently would not transport S6RB+ in place of potassium (data not shown). Oxygen uptake was chosen as an indirect measure of cytoplasmic membrane integrity since oxygen utilization is a function of the terminal oxidase of the membrane-associated electron-transport chain (Winter & Morse, 1968) . The rate of oxygen uptake by PBS-treated gonococci increased linearly with time, as would be expected with a concurrent increase in cell number and viability (Fig. 2) . Although GE-treated gonococci initially took up oxygen at essentially the same rate as did untreated gonococci, they exhibited no statistically significant increase or decrease in the rate of uptake over the 60 min GE exposure. It is important to note that the viability of GE-treated gonococci decreased by 90% over this same period. As a negative control, we observed that heat-killed gonococci (60 "C, 1 h; <0-1% viable compared to unheated) did not take up measurable amounts of oxygen (data not shown). Cytoplasmic membrane functional integrity thus appeared essentially unaffected by GE at the earliest times measurable after contact with GE. The lack of increase in oxygen uptake with time by GE-treated gonococci paralleled their lack of division, although it did not parallel their viability as measured by their ability to form colonies. J . P. ROCK AND R. F. REST (a) 0, (b) 10, (c) 20, and ( d ) 
Fig. 3. Time sequence of GE damage to gonococcal membranes. The micrographs show cells after
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Membrane ultrastructure visualized by electron microscopy
We next compared thin sections of control and GE-treated gonococci by transmission electron microscopy to observe gross morphological changes in outer membrane, cytoplasmic membrane, peptidoglycan and septa after short incubations with GE. Examination of lowpower fields revealed that 20 min exposure to GE was sufficient to cause significant aberrations in outer membrane morphology of almost all observed gonococci when compared to PBS-treated control cells. Membrane-like fragments were frequently seen in fields of GE-treated cells, suggestive of either outer membrane released by blebbing or membrane debris from complete lysis of some gonococci. It is also possible that this material is a result of complexes formed between GE components and gonococcal outer membrane material. The degree of membrane damage observed was related to the time of contact with GE. In treated cells fixed immediately after addition of GE (Fig. 3a) , septa appeared normal while outer membranes had a slightly ragged look. As little as 10 min GE treatment (Fig. 3b) was sufficient to cause significant aberrations in outer membranes, and septa appeared more electron-lucent although basically intact. An additional 10 min exposure to GE (Fig. 3c) revealed progressively more membrane damage. Exposure to GE for 30 min resulted in stripping away of the complete outer-membrane structure from large segments of the gonococcal periphery (Fig. 3d) .
High-magnification micrographs of PBS-treated control cells and cells treated with GE for 20 min gave a clearer indication of the effects of GE on membrane structure (Fig. 4) . In control gonococci, the peptidoglycan line is clearly visible in the forming septum. Outer-membrane material can also be seen in the septal invagination in close proximity to the peptidoglycan. The partially formed septa of GE-treated gonococci, on the other hand, showed distinct signs of damage. Outer-membrane material was seen being peeled away from the septal invagination, and the peptidoglycan line was less well defined in the area of the forming septum. Marked differences were also noted between PBS-and GE-treated gonococci in areas of membrane distant from the septum. In GE-treated gonococci, the peptidoglycan line was exceptionally obvious, whereas in control gonococci the thin black peptidoglycan line was an indistinct part of the whole membrane structure. It is not known whether the alterations in peptidoglycan at sites distant from the septum are causally related to loss of viability.
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DISCUSSION
Our major interests are twofold: to determine the cause of death of bacteria within human PMN phagolysosomes, and to determine which, if any, of the recognized lysosomal antibacterial agents is responsible for killing by unfractionated GE. Unopsonized gonococci are killed quite readily by human PMNs in the absence of an oxidative burst (Rest et al., 1982) . Thus gonococci can be killed within the phagolysosome by oxygen-independent mechanisms such as those investigated in the present study (Buck & Rest, 1981; Rest, 1979) .
Gonococci treated with GE are killed as defined by their inability to form colonies on agar after incubation for 24 h (Buck & Rest, 198 1 ; Rest, 1979) . In the present study we asked whether gonococcal division was inhibited early after GE treatment, or whether the inhibitory effects of GE took several generations to be manifest, thus allowing the development of micro-colonies (not visible to the eye). Untreated gonococci increased in numbers by 85% in 1 h (Table l) , whereas GE-treated gonococci increased in numbers by only 34%, suggesting that the inhibition of colony formation caused by GE occurred very early after GE treatment, rather than being expressed only after several divisions on agar. Such results agree with those of P. Elsbach & J. Weiss, who have observed cessation of production of daughter cells by E. cofi within three generation times after exposure to purified BPI (personal communication).
Such conclusions were also supported by our experiments investigating oxygen uptake by GEtreated gonococci. Over a period of 30-60 min, oxygen uptake by GE-treated gonococci did not increase significantly, whereas uptake by untreated gonococci increased about 140 % (Fig. 2) .
The limited increase in oxygen uptake (Fig. 2 ) and the limited increase in the numbers of individual cocci (Table 1 ) caused by GE are strikingly similar, and suggest that GE causes a rapid effect upon both inner membrane function and cell divisiontwo processes that may be J . P. ROCK AND R . F. REST Fig. 4 . High-power micrographs exhibiting the structure of forming septa and peptidoglycan in (a) PBS-treated controls, and (b) GE-treated gonococci after 20 min exposure. Note the differences between untreated and treated gonococci in the definition of the nonseptal peptidoglycan line (PG) and in the proximity of outer membrane (OM) to the forming septum. Bars, 0.1 pm. Human neutrophil killing of gonococci 51 7 linked. It is important to note that whereas the rate of oxygen uptake by GE-treated gonococci was maintained or slightly increased for 30-60 min, only 10% of these gonococci were viable at 60 rnin as determined by colony formation (Fig. 2) . Only at 90 min, when < 1 % of the input gonococci were able to form colonies, did the rate of oxygen uptake drop below the zero-time levels. The delayed loss of the ability to consume oxygen after GE treatment closely correlates with the delayed loss of other metabolic processes, such as macromolecular synthesis, seen upon exposure of gonococci to GE (Buck & Rest, 1981) , suggesting that overall macromolecular synthesis and cytoplasmic membrane integrity are maintained while cell division capacity is lost.
Light and electron microscopic studies further supported such conclusions, in that alterations in outer-membrane and peptidoglycan structure were observed within 20 min of exposure to GE (Figs 3 and 4) . Electron micrographs of thin sections of E. coli treated with purified BPI suggest that the outer membrane is disrupted as early as 15 min after BPI treatment (Weiss et al., 1976) . It is not yet clear, however, whether BPI is responsible for the morphological changes in, or death of, gonococci caused by GE. Thus, division (Fig. 1, Tables 1 and 2) , outer-membrane structure (Figs 3 and 4) and function (Buck & Rest, 1981; Rest, 1979) , and peptidoglycan structure ( Fig. 4) and turnover (Rock & Rest, 1985) appear to be rapidly affected by exposure of gonococci to GE, whereas cytoplasmic events, such as macromolecular synthesis (Buck & Rest, 1981) , and inner-membrane function, such as transport of amino acids and adenine (Buck & Rest, 1981) or oxygen metabolism (Fig. 2) , appear unaffected at early times after exposure to GE.
Loss by gonococci of the ability to form colonies on agar is more complicated than initially presumed. The GE-induced clumping of gonococci can certainly, by itself, cause a drop in the number of c.f.u. ml-I ; indeed, that point is often raised in criticism of such assays. The slight decrease in number of aggregates of cocci after 60 rnin exposure to GE, however, was not significant in terms of colony formation since the number of aggregates decreased only 25%, whereas the viability as determined by colony formation decreased 95 %. Clumping could thus not account for the decreased colony counts. Gonococcal division was significantly decreased shortly after GE treatment.
A bactericidal, chymotrypsin-like cationic protein (CLCP or cathepsin G) isolated from human PMN granules by Odeberg & Olsson (1976) inhibits oxygen uptake by Staphylococcus aureus in a dose-dependent manner. This differs from the results reported here for gonococci and unfractionated GE, in that oxygen consumption remained at, or slightly above, control levels (Fig. 2) rather than being inhibited. Thus the killing of S. aureus by cathepsin G and the killing of gonococci by GE appear to be different. Recently Shafer et a/. (1986) showed that gonococci were extremely sensitive to cathepsin G (which we have confirmed, unpublished) although work remains to be done on the mechanism of killing. Some mechanisms responsible for the observed suppression of gonococcal oxidative metabolism by GE include: direct attack on, and possible degradation of the terminal oxidase by GE; attack on other components of the electrontransport chain upstream from the terminal oxidase, causing steric hindrance of electron flow ; or, interference with a membrane-associated proton-translocating ATPase, presumed present in the gonococcal inner membrane. Such possibilities are presently being investigated.
The mechanism(s) of killing by GE is apparently very subtle. Several leads to understanding such mechanisms have been suggested by previous observations; however, many have not held true. Although phospholipid degradation is temporally associated with killing of E. coli or Salmonella by purified BPI, such degradation has been shown to be only temporally, not causally, related to killing by BPI (Elsbach & Weiss, 1983 . Similarly, it has been observed that gonococcal outer-membrane proteins are degraded by lysosomal proteases found in GE and apparently present within phagolysosomes (Eaton & Rest, 1983; Rest & Pretzer, 1981) . However, degradation of gonococcal outer-membrane proteins is probably not involved in bacterial death since: (1) both P.II+ and P.11-gonococci are killed well by GE; and (2) gonococci possessing either P.IA, which is not readily degraded by proteases (Blake et al., 198 l) , or P , IB, which is readily degraded by proteases (Blake et al., 198 l) , are both killed well by GE. It remains possible that intact P.111 or other outer-membrane proteins, for which no J . P. ROCK 'AND R . F . REST bacterial physiological role has been found, are needed for gonococcal viability. Lipopolysaccharide (LPS) or peptidoglycan appear to be involved in the interaction of gonococci with GE, since deep rough gonococci are far more sensitive to GE than are gonococci with complete LPS (Shafer et al., 1986) and since gonococci with mutations in peptidoglycan structure are more sensitive to GE than are non-mutagenized strains (Daly et al., 1982) . Whether such alterations are causally related to gonococcal responses to GE is not knownit is known only that such mutations grossly affect susceptibility to GE.
In preliminary studies, we have shown that peptidoglycan metabolism in gonococci exposed to neutrophil GE is rapidly affected (Rock & Rest, 1985) . Peptidogycan synthesis is quantitatively subnormal in cells immediately after GE treatment, while degradation of peptidoglycan in treated cells is increased to twice control levels. Since peptidoglycan is the major structural component of the bacterial membrane, any alteration in its composition could have direct consequences in outer-membrane morphology, septum formation, and cell integrity. Our electron micrographs clearly show differences in peptidoglycan in control versus GEtreated gonococci (Figs 3 and 4) .
It is of interest to compare the effects of penicillins to those of GE on bacterial cells. Neirinck et al. (1980) and Neirinck & DeVoe (1981) examined Neisseria meningitidis treated with subminimal inhibitory concentrations of penicillin G. The penicillin-treated meningococci rapidly lost the ability to form colonies, although cell numbers increased slightlyresults very similar to those reported here. On the other hand, penicillin had a different effect on meningococcal outer membranes than GE has on gonococci, causing a peeling of the outer membrane, apparently intact, from the underlying layers of the meningococcal cell. Similar results have been observed in benzylpenicillin-treated gonococci (Goodell et al., 1978) . Our data indicate that GE seems to progressively disrupt outer membrane structure rather than detach it intact, resulting in a distortion of the morphology of the membrane still attached to the cell. In addition, penicillin causes abnormal orientation during septum formation, similar to what we see in GE-treated gonococci (Rock & Rest, 1985) . Thus penicillins mimic some of the effects of GE, and might prove useful probes into the as yet unknown mechanisms of gonococcal membrane structural and functional damage caused by GE.
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